Using the laser-pulse photolysis technique combined with whole-cell recording, we determined the observed channel-opening rate constant, k obs , as a function of glutamate concentration from which k op and k cl were calculated. In the laser-pulse photolysis measurement, the channelopening kinetic process has been shown to follow a single exponential rate expression, in eq 1, for ~95% of the rise time.
(eq 1)
In eq 1, A t represents the current amplitude at time t, and A max represents the maximum current amplitude. From eq 1, k obs was calculated. Various k obs values as a function of glutamate concentration could be described using a general mechanism of channel opening.
In this reaction shown above, R is the free form of the receptor without ligand attached, L the ligand or glutamate, RL n the closed-channel forms with n ligand molecules bound, and the open-channel state. The number of glutamate molecules to bind to the receptor and to open its channel, n, can be from 1 to 4, assuming that a receptor is a tetrameric complex and each subunit has one glutamate binding site. However, our kinetic results of the channel-opening rate process for AMPA receptors can be fully explained by the assumption that binding of two glutamate molecules per receptor complex is sufficient to open an AMPA receptor channel. For simplicity and without contrary evidence, it is further assumed that glutamate binds with equal affinity or K 1 , the intrinsic equilibrium dissociation constant, at all binding steps. As such, k obs can be expressed by eq 2. In deriving eq 2, the ligand-binding rate was assumed to be fast relative to the channel-opening rate. This assumption is supported by the observation in which the channel-opening rate process, represented by k obs , is first-order in the absence and presence of any inhibitors -see further explanation in the text.
Experimental Design for Measuring the Effect of an Inhibitor on k op and k cl
To study the mechanism of inhibition by GYKI 52466 and BDZ-f on GluA1 flip , we characterized the effect of each inhibitor on both k op and k cl . To measure the effect of each inhibitor on k cl and k op , we varied the glutamate concentration. This is because k obs is a function of ligand concentration, and the magnitude of k obs is contributed by both k cl and k op terms (eq 2). Therefore, if the ligand concentration is low (i.e., L << K 1 ), eq 2 is reduced to k obs ≈ k cl .
Under this condition, the effect of an inhibitor on k cl and its inhibition constant ‫ܭ(‬ ୍
*
) for the open-channel state are determined. In this case, eq 3 is reduced into eq 4 (here eq 4 is transformed into the linear form to obtain ‫ܭ‬ ୍ * by linear regression). At a higher ligand concentration, where k obs > k cl , the k op value is determined by the difference between k obs and k cl or by rearranging (eq 2) such that
2 . Similarly, the effect of an inhibitor on k op and the inhibition constant (K I * ) for the closed-channel state (here the closedchannel state refers to the unliganded, singly and doubly liganded forms, assuming n = 2) are determined (eq 5).
(eq 3) (eq 4) (eq 5) Previous studies in our group have established the criteria by which k cl can be determined from the measurement of k obs . For GluA1 flip , k cl is numerically equal to the k obs value obtained at 40 µM glutamate concentration, which corresponds to ~4% of the fraction of the open-channel form. The effect on k op was determined at a glutamate concentration of 300 µM.
Experimental Design for Measuring the Effect of an Inhibitor on Whole-Cell Current Amplitude
The effect of GYKI 52466 and BDZ-f on the whole-cell current amplitude (A) was measured to calculate independently an inhibition constant. Similar to the experimental design described above, we used a low glutamate concentration (L << K 1 ), at which most receptors were in the closed-channel state, to determine the inhibition constant for the closed-channel state. At saturating ligand concentration (L >> K 1 ), most receptors were in the open-channel state, from which we determined the inhibition constant for the open-channel state. For GluA1 flip , we chose 40 µM and 2 mM for the low and the high glutamate concentrations, respectively.
(eq 6a)
In eq 6a, represents the fraction of the open-channel form and is proportional to the current amplitude. In eq 6b, this fraction is expressed as a function of the fraction of all receptor forms.
(eq 6b)
Experimentally, we used a U-tube flow device to apply glutamate of known concentration in the absence and presence of an inhibitor.
Double-Inhibitor Experiment to Assess Binding Site
To determine whether two inhibitors bound to the same site or not, we examined the effect of applying two inhibitors together on the whole-cell current amplitude, as compared with the effect of just one inhibitor. In this case, the overall inhibition ratio was used, similar to eq 6a, to plot A/A I,P vs. one inhibitor concentration. Here, one inhibitor is represented as I in molar concentration and the other is P. Based on the assumptions that binding of one inhibitor excludes the binding of the other (i.e., one-site model: A I or A P are allowed but not A I,P ), the ratio of the current amplitude is given in eq 7.
(eq 7)
For a two-site model in which there are two sites for I and P separately and binding of one inhibitor is independent of the binding of the other (i.e., A I and A P and A I,P are all allowed), the ratio of the current amplitude is given in eq 8.
(eq 8)
In the double-inhibitor experiment, the concentration of one inhibitor was kept constant while the concentration of the other was varied. An apparent inhibition constant obtained from the twoinhibitor experiment (or the slope of the A/A I,P plot) was compared to the one obtained from the
one-inhibitor experiment (or the slope of the A/A I plot). All other conditions were the same as those described for measuring the effect of an inhibitor on the current amplitude.
Supplemental Figures
Supplemental Figure 1 . Effect of GYKI 52466 on the channel-opening rate constants of GluA1 flip . A. Effect of GYKI 52466 on k cl was obtained at 40 µM glutamate and as a function of GYKI 52466 concentration. From this plot, a ‫ܭ‬ ୍ * of 281 ± 70 µM was determined. B. Effect of GYKI 52466 on k op obtained at 300 µM glutamate and as a function of GYKI 52466 concentration. From this plot, a K I * of 145 ± 30 µM was determined. C. Effect of GYKI 52466 on the amplitude of the whole-cell current in the absence (A) and presence (A I ) of GYKI 52466 was also obtained from laser-pulse photolysis measurements. A K I of 59 ± 9 µM was obtained from the A/A I value as a function of GYKI 52466 concentration (•) for the closed-channel state at 40 µM glutamate. D. At 300 µM glutamate concentration (∆), the ‫ܭ‬ ୍ was determined to be 52 ± 5 µM. Each data point shown in this plot was an average of at least three measurements collected from at least three cells. 
